When grown on alkanes, alkenes, or cycloalkanes, many microorganisms convert the hydrocarbon to fatty acids. In a number of cases the fatty acids appear to be incorporated into cellular lipids directly or with little alteration. Thus, cellular fatty acids reflect the hydrocarbon on which the cells were grown (2, 5, 8, 10, 17, 20, 21) . Other organisms, however, use direct incorporation only for hydrocarbons of specific chain lengths (11) or exhibit little or no correlation between hydrocarbon substrate and fatty acids (3, 6, 12, 14, 25) . In some cases growth on hydrocarbons results in accumulation of extracellular lipoidal materials including free fatty acids and alcohols, triglycerides, and esters, and their composition may reflect the hydrocarbon on which the cells were grown (13, 18, 27) .
When the fungus Cladosporium resinae is grown on glucose or an n-alkane, the pH of the culture decreases, suggesting that extracellular acids may be produced (7) . This observation, together with the suggestion that extracellular lipids may be involved in transport of hydrocarbon into cells (13) , led us to examine the extracellular lipids produced by C. resinae during growth on n-alkanes or on glucose.
MATERIALS AND METHODS
Organism and culture conditions. The hydrocarbon-utilizing fungus Cladosporium (Amorphotheca) resinae (ATCC 22711) was used throughout the study. It was maintained on Sabouraud dextrose agar (Difco). The basal medium was the inorganic salts solution of Bushnell and Haas (4) supplemented with 0.01% (wt/vol) yeast extract. The solution was adjusted to pH 5.8 with HCl and dispensed in 100-ml volumes to 250-ml flasks. When glucose (1% wt/vol) was used as a carbon source, it was added before autoclaving. When a hydrocarbon was the carbon source, the salts solution was sterilized by autoclaving and 10% (vol/vol) filter-sterilized hydrocarbon was added aseptically. Each flask was incubated at room temperature for 1 week to check for contamination before the medium was inoculated with a loopful of cells from a Sabouraud dextrose agar slant. Flask cultures were incubated at 26 ± 2 C on a reciprocal shaker operated at 100 2-inch (ca. 5.08 cm) strokes per min. Growth was measured, as described earlier (6) (29) . Phospholipid standards were subjected to the same treatment. The watersoluble glycerylphosphoryl esters were analyzed further by paper chromatography and the fatty acid methyl esters were subjected to gas-liquid chromatography(GLC).
Paper chromatography of deacylated derivatives. Glycerylphosphoryl esters prepared from standard and extracellular phospholipids were chromatographed by the method of Dawson (9) , modified for our use. Whatman no. 1 filter paper was washed first with 2 N acetic acid and then with water, and the papers were dried in air. Glycerylphosphoryl esters and deacylated phospholipid standards were spotted, and each chromatogram was developed in the ascending direction with butanol-propionic acid-water (142:71:100, vol/vol/vol). The paper was dried and then developed in the second direction with phenolsaturated water. Papers were air dried and glycerylphosphoryl esters were detected with iodine vapors. The paper was sprayed with 0.25% ninhydrin in acetone followed by heating for 15 min at 65 C to detect ninhydrin-positive material.
Preparation of fatty acid methyl esters. Extracellular free fatty acids and fatty acids in extracellular neutral lipid were converted to their corresponding methyl esters by direct transesterification with BF, in methanol (23) as modified by Dunlap and Perry (10) . The reaction mixture was extracted three times with 1 volume of hexane. The hexane extracts were pooled, dried over NaSO4, and filtered through a fritted-glass filter, and the residue of NaSO4 was washed with 10 volumes of hexane to remove methyl esters trapped in the solid Na3SO4. The washings were added to the hexane extract and evaporated. The dried fatty acid methyl esters were stored under nitrogen at -20 C until analyzed. GLC. All chromatograms were obtained by using a Hewlett-Packard model 5750B research chromatograph equipped with flame ionization detectors. Two glass columns were used, one polar and the other nonpolar. The polar column (8 ft [ca. 2.4 m ] by 4 mm internal diameter) was packed with 10% EGSS-X on 80-to 100-mesh Gas Chrom Q (Applied Science Laboratories, State College, Pa.). The nonpolar column (8 ft by 2 mm internal diameter) contained 10% SE-30 silicone rubber on Gas Chrom S (Applied Science Laboratories). For each column the carrier gas was nitrogen at a flow rate of 30 to 45 ml/min.
Hydrogen and oxygen flow rates were 20 and 200 ml/min, respectively. Column temperature was 180 C, the injection port temperature was 260 C, and the detector was operated at 265 C. Peak areas were calculated by multiplying peak height by peak width at half-height; the percentage of total peak area was then calculated for each peak, assuming the detector response was the same for each component. In some experiments the concentration of dodecanoic acid was estimated by comparing the peak area obtained from a dodecanoic acid sample with the peak areas obtained from standard solutions of dodecanoic acid.
Other organic acids. The spent culture medium was adjusted to pH 2.5 with HCl. Volatile fatty acids and other organic acids were removed by extracting with 10 1-volume portions of diethyl ether. The ether extracts were pooled and concentrated on a rotary evaporator, taking care that the temperature did not rise above 30 C. Ammonium salts were formed by addition of 0.1 N NH4OH until the mixture reached pH 7. Acids were identified by co-chromatography with standards that had been treated in the same manner as acids from the culture medium, by the method of Kennedy and Barker (19) . Silica Gel G TLC plates were washed first with 1% (wt/vol) oxalic acid and then with water and allowed to air dry. Ammonium salts of acids were spotted, and the plate was developed in ethanol-ammonium hydroxide (100:1, vol/vol). Known acids and acids extracted from the medium were visualized with iodine vapors.
Chemicals. All chemicals and reagents were of reagent grade or better. Phenol was Fisher Certified (Fisher Scientific Co., Pittsburgh, Pa.). Hexanes (J. T. Baker Chemical Co., Phillipsburg, N.J.) were redistilled three times before use. Hydrocarbon substrates were purchased from Phillips Petroleum Co., Bartlesville, Okla. Fatty acid methyl ester standards and BF,-methanol reagent were purchased from Applied Science Laboratories. Phospholipid standards were purchased from Supelco, Bellefonte, Pa.
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pounds longer than C Is or shorter than C 12 were not present. Neither esters of fatty acids with an odd number of carbons nor unsaturated fatty acid methyl esters were detected; cyclopropane and branched-chain fatty acids were also not detected. Dodecanoic acid comprised the bulk of the fatty acids present in the neutral lipid fraction from all three media. In spite of repeated TLC, the neutral lipid fraction from hexadecane medium contained a small amount of n-hexadecane which was identified by cochromatography in two GLC systems. Growth on hydrocarbons did not appear to influence directly the fatty acids associated with neutral lipids. Thus, medium containing hexadecane as carbon source did not yield neutral lipids high in hexadecanoic acid, and neutral lipids from dodecane medium did not contain more dodecanoic acid than medium with glucose or hexadecane as a carbon source. Extracellular free fatty acid. GLC analysis of methyl esters prepared from the free fatty acid fraction revealed only the ester of dodecanoic acid. In n-hexadecane medium, which contained a surface layer of n-hexadecane at the time of harvest, about 60% of the dodecanoic acid partitioned into the organic phase (Table  3) . Glucose medium and hexadecane medium contained approximately the same amounts of dodecanoic acid, whereas dodecane medium contained about 30% less acid. When compared to the cell mass produced in each medium (Table 1) , cells grown on n-hexadecane produced more dodecanoic acid than cells grown on glucose. As with neutral lipids, free fatty acids did not reflect the growth substrate. Thus, medium containing dodecane did not contain more dodecanoic acid than medium containing glucose, and hexadecanoic acid was not detected in medium containing hexadecane.
Extracellular phospholipids. TLC of the phospholipid fraction in two systems yielded four components that corresponded in chromatographic mobility to phosphatidylserine, phosphatidylethanolamine, phosphatidylcholine, and cardiolipin. The deacylated derivative of each phospholipid was subjected to paper chromatography for confirmation of identity. The R. values of these glycerylphosphoryl esters corresponded to those obtained for glycerylphosphoryl esters prepared from phosphatidylserine, phosphatidylethanolamine, and phosphatidylcholine standards, respectively (Table  4 ). In one solvent system the derivative prepared from the cardiolipin standard was slightly less mobile than that of the caridiolipin isolated from the medium, although the R. values of the standard and unknown corresponded in the second solvent system. The solvent for the second dimension was phenolsaturated water.
" Abbreviations: GPE, glycerylphosphoryl ethanolamine; GPS, glycerylphosphoryl serine; GPC, glycerylphosphoryl choline; GPGPG, glycerylphosphoryl glycerylphosphoryl glycerol.
GLC analyses of fatty acid methyl esters derived from the extracellular phospholipids showed that fatty acids of C12 to C,. were present (Table 5) . No unsaturated fatty acid esters were detected, nor were cyclopropane or branched-chain fatty acids detected. In each medium, dodecanoic acid was the major fatty acid associated with each phospholipid. As with other extracellular lipids, the chain length of fatty acids associated with phospholipids did not reflect the chain length of the hydrocarbon growth substrate. The single exception is phosphatidylcholine isolated from n-hexadecane medium, which contained about twice as much hexadecanoic acid as phosphatidylcholine isolated from glucose or dodecane medium. Octadecanoic (stearic) acid was not detected in phosphatidylethanolamine from either n-alkane medium.
Organic acids. The pKa of dodecanoic acid is approximately 4.9. Therefore, the pH of each culture (Table 1) could not be due to dodecanoic acid alone. To determine whether the lower pH values observed in glucose cultures was due to organic acids other than long-chain fatty acids, the medium from stationary-phase cultures was extracted and analyzed by paper chromatography. Four spots were detected with iodine (Table 6 ). No ninhydrin-positive material was detected on the chromatograms. Three of the compounds gave R. values close to acetic, glycolic, and glyoxylic acids, respectively, and each compound co-chromatographed with the appropriate standard. The fourth compound was not identified, but it did not correspond in mobility to lactic, succinic, pyruvic, a-ketoglutaric, fumaric, or citric acid. Thus, organic acids are present in glucose medium which could account for the drop in pH observed during growth (Table 1) . Neither alkane medium was examined for organic acids. DISCUSSION Finnerty et al. (13) reported that an Acinetobacter sp. produced 60 times more extracellular lipid when grown on n-hexadecane than when grown on nutrient broth. Wax ester was the major extracellular lipid, and other lipids included triglyceride, free fatty acids, and a small amount of free fatty alcohol. Phospholipids, which are produced by C. resinae, were not detected in the spent medium from Acinetobacter sp. cultures. No wax esters or fatty alcohols were detected in the present study. Iizuka et al. (18) detected esters in the culture fluid during growth of fungi on nalkanes. In the present work, GLC of the lipid extract before methylation did not reveal fatty acid esters in any of the three media.
Three of the phospholipids isolated from C. resinae were identified as phosphatidylserine, phosphatidylcholine, and phosphatidylethanolamine respectively. The fourth phospholipid co-chromatographed with authenic cardiolipin in two TLC systems. Its deacylated derivative co-chromatographed with the appropriate standard in one system, but the deacylated derivative was slightly more mobile than the standard in a second system. The fourth phospholipid is therefore identified as cardiolipin or a cardiolipin-like substance. The same four compounds were identified as intracellular lipids (C. M. Lawrence, M.S. thesis, Univ. of Dayton, Dayton, Ohio, 1972).
The predominant fatty acids in cells of C. resinae are 16:0, 18:1, and 18:2 (6), and the predominant fatty acids in cellular phospholipids are 16:0 and Cl8 unsaturated acid(s) (C. 607 VOL. 29, 1975 on November 6, 2017 by guest http://aem.asm.org/ (1) . In addition, fatty acids can sensitize bacteria to the action of lytic enzymes (16) , and fatty acids are known to inhibit certain bacteria (15, 24) . Therefore, extracellular dodecanoic acid may have ecological significance by inhibiting organisms that compete with C. resinae.
